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TIME STRUCTURE OF PRODUCTION 
AND THE THEORY OF INTERNATIONAL TRADE* 
Richard A. Brecher and Ian C. Parker 
1. Introduction 
In the theory of international trade, little attention has been 
paid to the time required for transforming inputs into outputs. 
Nevertheless, this neglected requirement -- which is central to 
capital theory -- has been recognized as deserving attention in the 
1 . . . 1 d literature on 1nternat1ona tra e. Departing from usual practice 
in trade theory, the present paper focuses explicitly upon the time 
structure of production, as characterized by Hicksian (1973) profiles of 
inputs and outputs over time. As shown by the analysis below, inter­
sectoral differences in this structure have important implications for 
the impact of world trade on a country's employment of labor, accumulation 
of capital and level of income. These implications are considered 
for a country subject to a rigid but uniform real wage, which is the 
type of constraint that Bhagwati (1968) , Brecher (1974a, 1974b), 
Haberler (1950) and Johnson (1965) introduced in the context of a 
different technology. 
*This paper develops and extends the theoretical aspects of the authors' (1975) 
work on the Ghanaian economy. Portions of this research were financed 
by funds provided by the Agency for International Development under 
contract CSD/2492. However, the views expressed in this paper do not 
necessarily reflect those of AID. For conunents and suggestions, the 
authors wish to thank Lucy A. Cardwell, W. Max Gorden, Carlos F. Diaz­
Alejandro, Christopher J. Heady, Brian V. Hindley and Vahid F. Nowshirvani. 
Of course, the authors alone are responsible for any remaining errors 
or shortcomings. 
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Section 2 develops a model of a large open economy, in which the time 
structure of production may differ between sectors. Primary homogeneous 
labor works with flow-input flow-output technology to produce (within each 
sector) heterogeneous capital goods and final output, as in the work of 
Hicks (1973), whose one-sector (or composite-connnodity) analysis of 
a closed economy is extended here to deal with two consumer tradables 
1 2 . 'f' ' To abstract from complications dueusing sector-speci ic capita. 
to changing prices, the economy's uniform wage is institutionally 
fixed in real terms, as in the unemployment models (with homogeneous 
capital) in the rigid-wage literature cited at the end of the previous 
paragraph. Under these assumptions, the country's quantity of 
aggregate employment and value of total capital both depend upon the 
connnodity composition of production, as affected by the pattern and 
volume of international trade. 
Characteristics of the model, in situations of long-run equilibrium 
and of inter-equilibria transition, are examined in Section 3. The 
discussion begins by concentrating on stationary states, in order to 
facilitate comparison with standard literature on comparative statics. As es­
tablished by two of this section's stationary-state propositions, both 
of which emphasize departures from previous rigid-wage results of 
conventional trade models, the replacemert of autarchy by free trade 
may cause a country to experience (1) a reduction in the national levels 
of employment and income even when the country's capital/labor ratio 
is smaller for the exportable than for the importable and (2) a 
change in the value of the national stock of capital at constant prices. 
Then,brief treatments of steady-state growth and of transition further 
highlight departures from conventional results. While the analysis 
reaffirms the importance of relative input intensities, the traditional 
role of capital/labor ratios is eclipsed by the analogous roles of 
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investment/labor and investment/capital ratios, which all depend 
crucially on time structures of production in the present model. 
Section 4 concludes the paper with a brief su1lllllary. 
2. The Model 
Section 2.1. outlines the production aspects of the home country. 
Then, home and foreign demand are introduced in Section 2.2. 
2.1. Production 
Consider an economy in which sectors one and two respectively 
produce consumer commodities one and two, using homogeneous primary 
labor, with flow-input flow-output technology exhibiting constant returns 
to scale. Each sector uses only one (unchanging) technique3, whose 








x~ = r 6•.Nt•• , i = 1,2, (2)l. l.J l.Jj=O 
where L~ is the labor required by sector i during time t, time t
l. 
ld. hbe1.ng•••a un1.t 1.ntervalf ca en ar ti.me; Xt. t e output prod dbo . 1.s uce y
l. 
sector i during time t; aij is the labor required by a unit process 
in itsj-thperiod of life in sector i; e .. is the output produced by
l.J 
a unit process in itsj-th period of life in sector i; N~. is the number 
l.J 
of unit processes in their j-th period of life in sector i during time t; 
and the unit process (started at the outset of itsO~th period) is 
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terminated (with neither input nor output) at the beginning of its 
(Gi+l}-th period in sector i. It is assumed that the quantities 
aij and 8ij physi~~lly occur at the end of period J, but that all contracts 
for them are made at the start of the period. Also, let each period j 
( of process life) coincide with some time t ( as a unit interval 
of calendar time). Throughout the analysis, it is assumed that the. 
economy remains incompletely specialized in production, i:n the sense 
that both sectors operate at positive levels (as illustrated 
diagrammatically in Section 3 below). 
All home markets are perfectly competitive, except for the wage 
rigidity yet to be introduced. Also, profits are maximised everywhere, 
subject to wage-rate, profit-rate and interest-rate equality between 
sectors. Under these circumstances, it is well known that 
n. 
1 
l (w .a .. s
1J
.. )(l+r)-j = O, i = 1,2, (3)
j=O 1 1J 
where w. is the economy's (uniform) real wage, in terms of the i-th1 
good; r is the country's (uniform) rate of profit and interest, as a 
3apure number; and each of these rates is assumed to be constant over time. 
According to equation (3), the present discounted value of net inputs 
(or net outputs) for the entire lifetime of each unit process must be zero. 
From equations (3), it follows readily that 
n. n. 
1 • 1 • 
w. = [ l B•• (l+r)-JJ / l a •• (l+r)-J , i = 1,2. (4)1 j=O l.J j=O 1J 
The right-hand side of equations(4) may be denoted by the function hi(r) of 
r, where h.(r) has several properties worth noting. First, h. (0) > 0
1 Q• l.Qi l. 
assuming that (~ilea .. > O and a .. > 0)_~ a .J. > 0 and l a . . > 0,l.J = l.J = l 1 . 0 l.JJ=0 J= 
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which simply rules out the uninteresting case of a unit process with 
no inputs or no outputs throughout its entire life. Second, 
lim h.(r) = 0 -- assuming that Bio= 0 < a
1
• 0 , which mea
ns that the 
r-+co 1 
first inputs must precede the first outputs in the life of a unit 
toprocess. 4 Also, the derivative of h,(r) with respect tor may be taken 
1 
be negative for all 4a finite r ~ 0. Equations (4) then may be represented 
diagrammatically in the well-known way by a negatively sloped wage-
intemst curve (asymptotically approaching the interest-rate axis) for each 
sector i, as shown in Figure 1, whose left-hand and right-hand quadrants 
correspond respectively to sectors one and two. Each wage-interest 
curve illustrates the one-to-one relationship between the real wage 
and the rate of interest (and profit) in equilibrium. 
Now let w be institutionally fixed at some constant level,2 
denoted w2, so that 
(5) 
Equations (4) and (5) can be solved for unique values of r and w1 , .wi
th 
these values respectively denoted r and w1 , as
 illustrated in Figure L 
Since ;i equals the nominal w,ag~_divid~g by the.nominal. pt:,i<!e -°'~·~°-~o1ity 
i (i = 1, 2), the relative price of the first good in terms of the second 
equals w/w1, which is a constant denoted by p. Thus, the chosen real w~ge 
in terms of the second good uniquely determines the rate of interest (and 
profit), as well as the real wage in terms of the first good and the product­
price ratio which prevail under incomplete specialization. 
During time t, the economy is endowed with a per~ectly inelastic 
supply of homogeneous primary labor , in the amount Lt. This endowment 
may not be exceeded by Lt, which denotes the total employment of labor 
during time t, so that L~ + L; =Lt~ Lt. By assumption, w2 is sufficiently 
- 6 -
Rate of Interest (and Profit) 
r 
r 
~-'--------~------..,____________...,__ _,.___---:':? w2wl 
0wl w2 
Real Wage in Te:rms of Commodity One Real Wage in Terms of Commodity Two 
Figure 1 
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great to ensure continuous unemployment, with the aggregate labor 
constraint never binding~ 
= (6) 
Labor is assumed to be perfectly mobile between home sectors. 
The real value (in terms of connnodity i) of gross investment in 
sector i during time tis denoted I~, given by
l. 
I~= L <w.a .. 8.. )Nt•. , i = 1,2, (7) 
l. 'EJ 1 l.J l.J l.JJ • 
1 
where J. is a subset of (0,1,, •• ,n.),and jEJ. if and only if w.a .. - $ •• > O. S 
1 1 1 1 l.J l.J 
In other words,I~ is the total of current net inputs-into all of the 
1 
i-th sector's processes having positive net inputs during time t. 
Alternatively stated, I~ is the i-th sector's current wages for those
l. 
workers who cannot be paid from their own current output and who 
therefore must be paid from gross national savings during time t (see below). 
The real value (in terms of the second good) of total gross 
t -tinvestment during time tis denoted I and may not exceed I, which is 
the real value (in terms of the second good) of the economy's supply 
- t t t -t
of investable funds during time t, so that pI r = I ~I. The1 + 2 
level of It is determined hr and equal to gross national savings 
during time t. (Further discussion ot saving assumptions is deferred 
to Section 3). Perfect competition in the market for investable funds 
ensures that these funds at all times are fully utilized, with the 
aggregate investment constraint always binding: 
- t t t -t
pll + = I = I • (8)r2 
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Investable funds are assumed to be perfectly mobile between home 
sectors. The subsequent analysis shows that constraint (8) is analogous 
to, but clearly different from, th~ standard constraint specif)ing a 
iully utilized stock of homogeneous and perfectly shiftable capital 
in traditionai modelsaf international trade. 
In contr6st with these conventional models, the value of each sector's 
capital stock here depends upon the stock's age composition, as determined 
historically by the intersectoral allocations of labor and investable 
funds. In the present context, 
- k-j-1 tK~ 
1 
• B•• )(l+r) N.k, i • 1,2, (9)
lJ 1 
where ' K.t is the real value (in terms of the conunodity i) of the i-th1 
tsector's capital stock at the beginning of time t, and NiO.+l denotes 
1 
the number of unit processes terminating in sector i during time t. In 
other words, K~ is the value of past net inputs accumulated forward1 
to the beginning of time t -- using a rate of interest (and profit) 
equal tor -- for all of the i-th sector's processes existing (or just 
terminating) during time t. 6 In equation; (9), the inner summation 
is the total capitalized value of all of the i-th sector's processes which 
are k periods old at the beginning of time t, and the outer swmnation 
adds together these values for processes of all ages. 
Treating capital in this way -- rather than treating it as a 
homogeneous,perfectly shiftable, primary (or instantaneously produced) 
factor of production -- emphasizes the following two points. First, the 
"transformation" of one sector's capital goods (say, for concreteness, 
"machines" or "trees") into the other sector's capital goods requires an 
intersectoral reallocation of both labor and investable funds over a number of 
- 9 -
time periods. Second, this reallocation may change the value of the 
economy's stock of capital. 
The real value (in terms of the second good) of the tbtal 
capital stock at the beginning of time tis denoted Kt, where 
The value Kt has the following important property. By reasoning 
analogous to that of Hicks (1973,pp.25-35), rKt is a real measure 
(in terms of the second good) of net national profits during tinie t, 
because 
- t - t tw2L + rK = Y , (11) 
where Yt denotes the real value (in terms of the second good) of net 
. 1 . d . . 6anationa income uring time t. 
2.2. Demand 
The country's consumption of coUDnodity i during time tis denoted 
tC., which depends upon relative coUDnodity prices and upon aggregatei 
expenditure on final goods. Given the constant product-price ratio p, 
the relationship can be expressed simply by 
C.
t = D. (C t ) 
1 i = 1,2, (12)i i 
- t t t twhere pC1 + c2 = C ,with C denoting the real value (in terms of the second 
good) of aggregate consumption during time t; and D.(Ct) is a function
i
tof C. Assuming that neither good is. inferior in aggregate consumption, 
each derivative dDi(Ct)/dCt > o, so that (given pC~ + cJ = ct) eac~ 
dD. (Ct)/dCt < 1.
i 
Without loss of generality, let the foreign(home) exportable be 
the first {second) good. Then, foreign demand may be given by the 
function Z~(E~) of E~; where E~ denotes foreign imports ( and home 
exports) of the second good, exchanging during time t for Z~(E~) of 
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foreign exports ( and home imports) of the first good, at an international 
terms of trade equalling Z~(E~)/E~ (as the relative price of the second 
good in terms of the first); and E~ ! 0 ~ Z~(E~). ·rt is assumed that 
the function Z~(E~) is well behaved, in the usual sense that Z~(O) = 0 and 
the derivative d[Z~(E~)/E~]/dE~ < O, indicating that an increase 
in foreign imports requires a decrease of their relative price in world 
markets. Throughout the present paper, only consumer goods are traded 
internationally. 
Since each country's imports equal the other country's exports, 
(13) 
Also, free trade requires equality between 
the world price ratio and the domestic price ratio: 
(14) 
t t tUnder autarchy, on the other hand, z1 (E2) = = O.E2 
3. Comparison of Equilibria in the Model. 
Section 3.1. compares the stationary states corresponding to 
autarchy and free trade. This comparison highlights the importance 
of relative investment intensities, which depend crucially upon 
intersectoral differences in the time structure of production. As 
suggested by stationary-state analysis, these intensities (which have 
related consequences in non-stationary situations) are analogous to 
the traditional factor intensities of .conventional trade models. The 
boundaries of this analogy are suggested, however, by briefly 
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discussing variations in the rate of steady-state growth in Section 3.2 
and situations of transition in Section3.3. These two sections further 
emphasize the importance of time structures of production within 
different sectors of the economy. The complex problems concerning 
stability of and convergence to equilibrium are not addressed in the 
7present paper , which (except for Sectiqn 3.3) is restricted entirely 
to comparing steady-state equilibria. 
3.1. Stationary States 
In stationary state, superscript t may be dropped from all 
variables of the model and 
N•• = N. l = 1, 2; j =O, 1, ... , Q.+l. (15)
1J 1 0 1 
Equation (15) simply states that, in each sector, the number of unit 
processes is the same for all ages. Also, it is assumed that I has the 
same value in all stationary states compared. Thus, the .economy has 
a constant level of gross savings (equiling I) , no matter what the 
national levels.of income or profits. Although the analysis could be· 
extended readily to allow for more complica.ted assumptions regarding savings 
8
behavior , the present fixed-investment (fixed-savings) assumption 
provides the clearest contrast with the fixed-capital assumption of 
standard trade models. 
First co~sider the economy's production possibilities. Equation (8) 
can be manipulated simply to yield 
(16) 
where 8.= X./K. and o. = I./K., i = 1,2. From equations (2),(7),(9)
1 1 1 1 1 1 
and (15), it follows readily that each e. and o. is a positive constant,
1 1 
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which depends upon the time flows of inputs and outputs in sector i. 
Because of this constancy, equation (16) may be ·represented in 
Figure 2 by a negatively sloped straight line, such as T2T1, which is 
the stationary-state locus of production possibilities. Although 
line T2T1 is drawn flatter than the price line for pin Figure 2, the 
analysis of this paper applies without modification also to the opposite 
situation and to the case in which these two lines are parallel. The 
actual divergence (if any) between the two lines depends upon conditio.ns 
discussed later in the paper9• 
The relationship between the home levels of productionand consumption 
may now be considered. Since the net national levels of savings and 
investment are both zero in stationary state, 
(17) 
where pX1 + x2 is the real value (in terms of the second good) of 
aggregate production of final goods. Thus, in Figure 2, each production 
point (say F)and its corresponding consumption point (say f) both lie 
on the same price line for p. Curve d d in Figure 2 is the positively2 1 
sloped income-consumption curve corresponding to equations (12) and (17). 
Throughout this sta::ionary-state section, in view of equation (17), 
anything said about net Mtional income applies also to the national 
levels of consumption and production of final goods. 
Full international equilibrium may now be determined. In autarchy, 
E • O. When free trade occurs E2 rises from Oto E (>O), where E 
in x ,since the derivative dXzldE [1-dD2(C)/dC + (15 e1/ o1e2)dD2(C) /dc]- >o. 
2 , 2 2 
is the unique solution to equation (14). This rise in E2 implies an increase 
1 = 
2 2 
This result is obtained easily by using equations (12),(13),(16) a:d (17), 








assumption. In Figure 2, autarchy occurs with the home levels of production 
and consumption at point A; whereas with free-trade, home production is 
at F, home consumption is at f, home exports (and foreign imports) in the 
amount E2 are represented by line segment O'F. home imports (and foreign 
exports) in the amount z1 CE2) are represented by line segment O'f, 
exports equal imports at the (world and domestic) price ratio E2/z1 (E2) • p, 
and the foreign offer curve is the dashed curve FfM with origin at 
point F. Because x2 increases with E2 when autarchy is replaced by 
10free trade, the effects of this replacement may be studied by 
concentrating upon the implications of a rise in x2 , as in the following 
analysis of employment, capital and income. 
Letting p = 1 (without loss of generality) by appropriate choice of 
units of output, simple manipulation of equations (6) and (8) yields 
(18) 
where A. = I./L. and y. =X./L., i = 1,2. From1 1 1 1 1 1 




is a positive constant, which depends on the time profiles 
of inputs and outputs in sector i. Differentiation of equation (18) shows that 
<
dL/dX2 >0 In other words, when there is a home expansion 
of the export sector, total employment decreases (increases) if the 
investment/labor ratio is higher (lower) for this sector than for the 
11other sector • Thus, opening the economy to free trade affects 
aggregate employment in a way that depends upon relative investment 
intensities, as determined by intersectoral differences in the time 
structure of production. 
Evidently, the role of Ai in determining dL/dX2 within the present 
model is analogous to the familiar role of traditional capital/labor ratios 
in determining the total employment change within conventional trade 
models12 • (Although this analogy may be heuristically helpful, it 
should not be allowed to mask important differences between present 
- 15 -
investment/labor ratios and conventional capital/labor ratios, as 
shown below in Sections 3.2 and 3.3). It is not difficult to understand 
why the relevant intensities in the present context are given by I./L. --
1 1 
rather than K./L., which is relevant in conventional trade models. The 
1 1 -
explanation lies in the fact that the fixed and binding input constraint 
-here is I -- rather than K, which is an endogenous variable in the 
. 12apresent model but an exogenous parameter in conventmal trade models. 
It is important to observe that having Az >Alis not inconsistent 
with K /L2 <K /t 
13 • Thus an expansion of the sector with the smaller2 1 1 
capital/labor ratio may reduce total employment in the present model, 
even though the opposite result would occur in conventional trade 
14models with a rigid wage • 
From equations (8) and (10), it easily follows that 
(19) 
< >
Thus, dK/dX2 > 0 as o ~ o • In other words, in the event of home2 1 
expansion of the export sector, the value of the aggregate capital stock 
decreases (increases) if the investment/capital ratio is greater(smaller) 
15for this sector than for the other sector. Thus, the opening of 
free trade affects the value of the capital stock in a way that depends 
upon relative investment intensities and, therefore, upon intersectoral 
differences in the time structure of production. 
It is possible to go further in interpreting the o. coefficients. 
1 
Since gross investment equals depreciation in stationary state, o. is the i-th 
1 
sector's overall rate of depreciation. Also, appealing to what Dorfman (1959) 
calls the "bathtub theorem", 1/o. is (in one sense) the "average period of 
1 
investment" in sector i. Thus, if o >o and x increases, investable2 1 2 
- 16 -
funds are reallocated to the sector with the greater rate of depreciation and 
the shorter average period of investment. Not surprisingly, therefore, the 
value of the capital stock decreases under these circumstances, as shown above. 
The ability of trade to affect the value of the capital stock at constant prices 
runs contrary to results of conventional trade models, in which there is a fixed 
stock of homogeneous capital. 
< 
From equations (11), (18) and (19), it immediately follows that dY/dX2 ~ 0 
as w2 (A 2 - A1)/A 1y2 + r(o - o1)/o ~ 0. This general condition implies the2 1e2 
following special conditions (sufficient but not necessary) for determining the 
sign of dY/dX2: dY/dX2 < 0 if both A ~Aland
 ~ o1 with not more than one2 o2 
equality; dY/dX2 = 0 if both A2 ~Aland = o1; 
and dY/dX2 > 0 if botho2 
A2 ~Aland ~ o1 with not more than one
 equality. In other words, a riseo2 
in production of the home exportable may imply a fall (rise) in net national 
income, as for example in the case where the export sector is more (less) intensive 
than the other sector in using investable funds per unit of both labor employment 
and capital value. Thus, opening the economy to free trade affects the level of 
net national income in a way that depends upon relative investment/labor and 
investment/capital ratios, which themselves are dependent upon intersectoral diff­
erences in the time structure of production. 
- > - <
It is clear, from equations (16) and (17), that p <po1e2/o 2e1 as dY/dX2 ; 0; 
where-pis the slope of the equilibrium price line and -po 1e /o 2e1 is the slope2 
of line T2T1 in
 Figure 2. Thus, depending on the values of the parameters which 
determine dY/dX2 , the price line for p 
may be steeper than T2T (the case when1 
dY/dX2 < 0 as in Figure 2), parallel to
 T T (the case when dY/dx2 = 0) or flatter2 1 
than r 2r (the case when dY/dX2 > 0). It is important to note that the f
irst
1 
of these three cases may occur even when the capital/labor ratio at 
- i7 -
home is smaller in the second sector than in the first sector, 
whereas this capital/labor ranking guarantees the third case in 
16·the rigid-wage models of conventional trade theory • 
The foregoing analysis reaffirms, as might be expected, the 
importance of relative input intensities in an open economy. In 
the present context these are the A. and o. -- rather than the
1 1 
traditional K./L. important in conventional trade models -- and1 1 
depend crucially upon the time structure of production in sector i. 
Although the investment intensities of the present model are somewhat 
analogous to the traditional factor intensities of conventional models, 
the boundaries of this analogy are suggested by the following discussinns 
of growth and transitions. 
3. 2.. Investment Intensities and the Rate of Steady-State Growth. 
Consider a more general steady-state situation, in which all 
sectors, the labor force and the stock of investable funds grow 
at the same constant rate {positive, zero or negative),consistent 
with the growth of home and foreign demand at constant pri~es. In 
this case-whereas the traditional factor intensities in conventional 
trade models are uniquely determined by the real wage - the present 
investment intensities depend also upon the rate of growth, even 
with the real wage and choice of techniques unchanged. 
This result may be obtained by considering an economy in steady:-state 
growt~ at rate g( -1 < g < ~), in which case 
which is a generalization of equation (15). From equations (1), 
(7) ,(9) and (20), it follows readily that A. and o. are functions of
1 1 
g17 , confirming that the investment intensities depend upon the rate of 
- 18 -
steady-state growth. 
3.3. The Transition Between Long-Run Equilibria 
Although the investment intensities are constant over time for 
any particular rate of steady-state growth, they will generally vary 
from period to period when the economy is not in steady state, since 
equations (20) are not generally satisfied in the latter situation. 
Thus, during the transition between steady states, the economy's 
time paths of labor employment and capital stock (as well as other 
aggregates) may be quite complicated, exhibiting many peaks and 
troughs. The gains or losses during the transition must be taken 
into account, if there is to be a complete evaluation of the switch 
from autarchy to free trade. 
To illustrate this last point, the present section compares 
aggregate employment levels for the following two paths. Along 
the first path, the economy would be forever in autarchy with steady­
state growth at rate g. Along the second path, which coincides with 
the first until free trade is introduced at the beginning of time 
t = O, the economy would make.the transition to and then remain forever 
after in free-trade steady state growing at the initial rate g. 
The full-employment analysis of Solow (1967) may be extended 
straightforwardly for the present case of unemployment, thereby 
18
yielding the following result (assuming r > g > -1): 
T 
= lim l w2 (L~ (21) 
-r-+<» t=O 
where c: and L! are the aggregate levels of consumption (valued in 
terms of the second good} and employment, respectively,during time t 
along the autarchic (first) path; C~ and L~ are these variables along 
- 19 -
the free-trade (second) path (including the transition); and for all account­
ing purposes, w1, w2, p and rare (by assumption) used exclusively, even 
during the transition when there may be changes in the market (but not in 
the accounting) prices and interest rate. The left-hand and right-hand sides 
of equation (21) are the present discounted values (at the beginning of time 
t = 0) of all differences in aggregate consumption and total wages, respect­
ively, between the two paths. According to equation (21), if the intro­
duction of free trade leads to an overall employment loss or gain in terms 
of wages, there is an equal overall loss or gain in consumption. It is 
worth noting that these overall losses (gains) may occur even when steady­
state employment is not lower (higher) in free trade than in autarchy. 19 
The foregoing discussion supports the well-known caveat that 
policy conclusions, when based upon steady-state comparisons, 
must also be assessed in terms of the costs or benefits occuring 
during the transition from one steady state to another. It is not, 
however, the intention of the present paper to analyse these 
issues in detail. They are mentioned, rather, as avenues for 
further research on the time structure of production as an important 
determinant of employment, capital and consumption in a trading 
economy. 
4. Summary 
The present paper develops a model of employment, capital and 
income in an open economy, to emphasize tie significance of the time 
structure of production as a determinant of the domestic impact of 
international trade. The analysis first concentrates upon stationary-state 
properties of the model, to facilitate comparison with the previous 
literature, and to underline the role of investment intensities 
in determining 4quilibrium levels of employment, capital and income. 
Finally, the discussion indicates how the model can be extended 
- 20 -
in subsequent work to deal more fully with situations of steady-state 
growth and periods of transition, which highlight further departures 
from conventional results. 
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FOOTNOTES 
1. See, for example, the work of Mainwaring (1974), Metcalfe 
and St~edman (1973), Smith (1974a, 1974b) and Steedman 
and Metcalfe (1973). Also see Corden's (1974, p. 276) 
comments on the importance of a long installation and gestation period, 
for distinguishing research and development from ordinary investment. 
This period is relatively pronounced also in production of the 
following goods, among others: tree-based cash crops, such as 
cocoa [studied b~ Brecher and Parker (1975)], coconuts (and other 
palm tree products), coffee, tea anlrubber; forestry products; 
minerals, such as metals and petroleum products; and ships. 
The concept "gestation period" is discussed somewhat more technically 
in footnote 5 below. 
2. The flow-input and flow-output specifications imply the presence 
of circulating and fixed capital, respectively, as suggested by 
the discussions of Hicks (1973,p. 8) and von Weizsacker (1971, especial_ly 
p.67). Burmeister (1974) has discussed the relationship between the 
Hicksian (1973) and other approaches to capital theory. For a 
model related to Hicks' (1973), see also Nuti (1970). 
3. There is no incentive in either sector to do otherwise (except perhaps 
temporarily during the transition in Section 3.3) under the fixed-wage 
assumption made below, according to the choice-of-technique analyses of 
Hicks (1973) and Nuti (1970). (In Section 3.3, the discussion assumes that 
there is no occurrence of temporary technical substitution during the 
transition between steady-state equilibria, ·thereby simplifying the ana­
lysis without detracting from the main thrust of the argument.) 
3a. As shown by Nuti (1974), however, the standard wage-interest analysis gen­
eralizes to the case in which the time structures of rand w. are given.
1 
4. The analysis can be extended readily to allow for Sio > O, in which case 
lim hi(r) • $i0/aiO > O. r-+<x> 
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4a. This restriction -- whose purpose is to ensure that w. is a strictly_
' 1. -
monotic function of r -- is innocuous (but simplifies the exposition) in 
the present paper, assuming that each unit process could be terminated 
(or truncated) freely at any time before the beginning of period n. + 1. 
1. 
By the reasoning of Hicks (1973) and Nuti (1973) under this truncation 
assumption, the duration of a process is determined optimally and w. is 
1. 
a strictly monotonic (decreasing) function of r, even when this strict 
monotonicity fails to hold for any fixed-duration wage-interest function 
like h.(r).
1. 
5! __The _intu.,_jJ:Jy~-~~A~ept; of_~_ '_'_ge,.t.~i,Qg. ~td,g_d'~ c~~l_ b!! ~elat~d _to 
I~ in several ways. It would be possible, for example, to define 
1 
a gestation period as any period j for which jEJ.; whence total 
1 
gestation-period investment in sector i would be equivalent to 
I •• 
t' 
Alternatively, the gestation period in sector i could be defined 
l. 
as ranging from the inception of the sector's unit process to the 
point at which the capital value of the process (see below) first reaches 
its global maximum. In the special case corresponding to Hicks' 
(1973) ''simple profile", the two definitions give equivalent results. 
6. This sentence would remain true if the phrase "past net inputs accumulated 
forward" were replaced by the phrase "future net outputs discounted back-
war ' that of Hicksd" , bY reasoning ana1ogous to (1973, pp. 27-35). 
6a. By assuming above that inputs and outputs occur at the end of 
each period, the present paper avoids the problems encountered 
by Hicks (1973,pp.27-35) with discrete time. 
7. As shown by Hicks (1973), to guarantee that the economy converges 
to its new equilibrium, strong assumptions concerning disequilibrium 
behavior (in response to temporary windfall gains or losses) 
are necessary even for the one-sector case. Additional types 
of assumptions are required for convergence in the present two­
sector case, as suggested implicitly by the discussion in footnote 
19 below. For treatments of stability and convergence in closed-
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economy models with heterogenous capital goods, see also 
Burmeister (1974,pp.447-448). Ross (1975) and refennces 
cited by them. 
JB. For alternative savings behavior in a related moda, see 
Brecher and Parker (1975). 
9. In the meantime, it may be noted that any such divergence in 
the present model is similar to a divergence between the ratio 
of labor coefficients and the product-price ratio in Ricardo's 
(1821, Chapter I, Sections IV and V) model. 
10. The results of this analysis hold also for an expansion of the 
volume of the free trade, due to a shift of foreign demand in 
favor of home exports. 
11. The following example provides a case where A A •2 > 1 
Let the vectors of inputs and outputs be 
(131 a a12) = ( 0 3 8 ), (13 a ) = ( o 1 7 ); and0 11 20 a21 22 
set w = l,w2 = 1, r = 1 and p = 1. In this case, = 1/2 > 2/5 = Al.1 A2 
12. In Brecher's (1974b} treatment, for example, consider the 
fole of ki (i • 1,2) in determining dL/dX2• 
12a. Further to footnote 8 and related discussion above, each I./L. would
1 1 
retain its present relevance if.(under some alternative assumptions) 
-the value of I (and gross national savings) were not the same for 
all stationary states compared. 
13. In the example of footnote 11, where A2 > Al' K2'L2 = 1 < 6/5 = K1L1• 
14. See footnote 12. 
15. In the example of footnote 11. >02 = 1/2 1/3 = 01. 
16. ln the example of footnote 11, where ;).2 >Aland (recalling footnote 
15) 02 > 01,. p = 1 > 8/11 = io1e2/o2e1 and dY/dX2 = - 3/8 -- even 
though K2/L2 < Kl/11 (recalling footnote 13). Compare this result with 
the corresponding one in, for example, Brecher (1974a). 
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17. It should be noted that these functions are not necessarily monotonic, as 
can be demonstrated by considering their first derivatives with respect to 
g. Similarly, the present average products (e. and y.) are not-necessarily-
1. l. 
monotonic functions of g, although the traditional average products and 
capital/labor ratios in conventional trade models depend only upon the real 
wage. Concerning the influence of g on average products of labor and 
capital/labor ratios, see also Hicks (1973, pp.63-67) and Nuti (1970). 
18. To obtain this extension, simply let employment in Solow's (1967) last 
1paragraph of section 5 be (in his notation) Lt on one path and Lt on the 
other path (instead of Lt on both paths), and repeat the reasoning of his 
paragraph with the obvious modifications now necessary. Note that proof 
by induction leads from his last equation of p.34 to his first equation of 
p.35. (Because of what seems to be a misprint, subscript t appears to need 
replacing by subscript j on the right-hand side of the latter equation.) 
Also observe (in his notation) that (l+r)-t(Vt-V~) = (l+r)-t(v -v~)(l+m)t,
0 
which~ 0 as t ~~if r > m > -1, where mis defined in his section 7. 
Finally, because the occurrence of technical substitution is absent even 
during the transition (recalling the assumption of footnote 3 above), no 
process is truncated prematurely (i.e., before the beginning of period 
n. + 1), since premature truncation would constitute a type of technical 
l. 
substitution (which is absent). If there were premature truncation, the 
right-hand side of equation (21) could exceed this equation's left-hand 
side by an amount corresponding to the "discrepancy" of Hicks (1973, pp.30 
and 34), as could be shown without difficulty. 
19. For instance, let g = O, and modify the example.of footnote 11, by setting 
= 2 (instead of 1) and = 8 (instead of 7). Then, Az = 2/5 = Ala 22 s22 
in stationary state, and (by the reasoning of Section 3.1) the stationary­
state level of Lis the same with free trade as with autarchy. Nevertheless, 
both sides of equation (21) equal -1/4, assuming that the introduction of 
free trade causes two units of investable funds to be transferred from 
the first sector to the second by the following two 
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steps. First, during time t=O, investment on new starts is decreased 
permanently by one unit in sector one and increased permanently by one unit 
f 
in sector two. Second, during time t=l, one unit of investable funds is 
transferred permanently from new starts in sector one to previous starts 
in sector two. If the transfer did not follow similar types of stepwise 
procedures in other examples, investment required by previously started 
processes could exceed the economy's current supply of investable funds 
a possibility closely related to the "impasse" discussed by Hicks (1973, p.132) 
in his one-sector model of a closed economy -- and therefore unit processes 
could be subject to premature truncation (but recall footnote 18 above). 
- 26 -
REFERENCES 
Bhagwati, Jagdish, 1968, The Theory and Practice of Commercial 
Policy: Departures from Unified Exchange Rates, Frank D. Graham 
Memorial Lecture (1967, Princeton), Special Papers in International 
Finance, No.8 (International Finance Section, Department of Economics,
Princeton University). 
Brecher, Richard A., 1974a ,"Minimum Wage Rates and the Pure Theory_
of International Trade," Quarterly Journal of Economics, Vol 88,
No.l, February ,pp.98-116. 
Brecher, Richard A; 1974b,"Optimal Commercial Policy for a Minimum-Wage
Economy," Journal of International Economics, Vol.4,No.2, May,
pp.139-149. 
Brecher, Richard A. and Ian C. Parker, 1975, "Cocoa, Employment and 
Capital in the Ghanaian Economy: A Theoretical and Empirical
Analysis'; Economic Bulletin of Ghana, forthcoming. 
Burmeister, Edwin, 1974,"Synthesizing the Neo-Austrian and Alternative 
Approaches to Capital Theory: A Survey", Journal of Economic 
Literature, Vol. 12,No.2,June,pp. 413-456. 
Corden, W.M., 1974, Trade Policy and Economic Welfare (Oxford University
Press, Oxford). 
Dorfman, Robert, 1959,"Waiting and the Period of Production",Quarterly
Journal of Economics, Vol.73,No.3, August,pp. 351-372. 
Haberler, Gottfried, 1950,"Some Problems in the Pure Theory of Inter­
national Trade", Economic Journal, Vol.60,No.238,June, pp. 223-240. 
Hicks, John, 1973, Capital and Time: A Neo-Austrian Theory, (Oxford
University Press, London). 
Johnson, Harry G.,1965, "Optimal Trade Intervention in the Presence of 
Domestic Distortions", in Robert E. Baldwin et al., editors, 
Trade,Growth and the Balance of Payments: Essays in Honor of 
Gottfried Haberler ( Rand McNally, Chicago),pp.3-34. 
Mainwaring, L., 1974,"A Neo-Ricardian Analysis of International Trade", 
Kyklos, Vol. 28, Fasc.3,pp.537-553. 
Metcalfe, J.S. and Ian Steedman, 1973 ,"Heterogeneous Capital and 
the Heckscher-Ohlin-Samuelson Theory of Trade," in Michael 
Parkin, editor with A.R. Nobay, Essays in Modern Economics, 
(Longman Group Limited, London), pp.50-60. 
- 27 -
Nuti, Domenico Mario, 1970,"Capitalism, Socialism and Steady Growth'; 
Economic Journal , Vol.80, No. 317,March, pp.32-57. 
Nuti, Domenico Mario, 1973, "On the Truncation of Production Flows", 
Kyklos, Vol.26, No.3, pp.485-495. 
Nuti, Domenico Mario, 1974,"0n Rates of ij.eturn on Investment", Kyklos,
Vol.27, Fasc. 2, pp. 345-369. 
Ri~ardo, David, 1821, On the Principles of Political Economy and 
Taxation, third edition (John Murray, Albermarle Street, London);
reprinted in Priero Sraffa, editor with collaboration by M.H. Dobb, 
The Works and Correspondence of David Ricardo, Vol.l (Cambridge
University Press, Cambridge, 1951). 
Ross, Stephen A., 1975, "Uncertainty and the Heterogeneous Capital 
Good Model", Review of Economic Studies, Vol. 42,No.129, 
January, pp. 133-146. 
Smith, M.A.M., 1974a,"International Investment in Second-Hand Machines", 
Journal of Development Economics, Vol.I, No.3, Septem~er, pp.261-278. 
Smith, M.A.M., 1974b,"Trade, Growth and Consumption in Alternative 
Models of Capital Accumulation", unpublished mimeograph, London 
School of Economics. 
Solow, Robert M., 1967, "The Interest Rate and the Transition Between 
Techniques", in C.H. Feinstein, Socialism, Capitalism, and 
Economic Growth: Essays Presented to Maurice Dobb,(Cambridge 
University Press, Cambridge),pp. 30-39. 
Steedman, Ian and J.S. Metcalfe, 1973, "The Non-Substitution Theorem 
and International Trade Theory", Australian Economic Papers,
Vol. 12, No. 21, December, pp. 267-269. 
von Weizs~cker, C.C., 1971, Steady State Capital Theory, Lecture Notes 
in Oper.ations Research and Mathematical Systems, Vot. 54 
(Springer-Verlag, Berlin, Heidelberg, New York). 
